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Independent Video Hardware Blocks to Support Laser Printers 

Background 

[0001] In a laser printer, printing is achieved by first scanning a digitized image onto a 
photoconductor. Typically, the scanning is performed with diodes, e.g. laser diodes 
or light emitting diodes that pulse a beam of energy onto the photoconductor. The 
photoconductor typically comprises a movable surface coated with a photoconductive 
material capable of retaining localized electrical charges. The surface of the 
photoconductor is divided into small units called pixels. Each pixel is capable of 
being charged to a given electrical potential, independent of the electrical charge of 
each surrounding pixel. 

[0002] In operation, the pixels are first charged to a base electrical charge as they move 
past a charging unit during each revolution of the photoconductor. Then, as the pixels 
move past the diodes, the beam of energy, e.g. a laser, is pulsed to remove the 
electrical charge from the selected pixels. The unaltered and altered pixels thus form 
an image on the photoconductor. One portion of pixels will attract toner, while the 
other portion will not based on various factors such as the electrical potential of the 
toner. 

[0003] Next, the toner is transferred to a finished product medium, e.g. paper, 

transparency, fabric. After the toner is transferred to the finished product medium, 
the toner is affixed thereto. Any residual toner on the equipment is then removed by 
a cleaning station. 

[0004] The digitized image is essentially organized into a two dimensional matrix within 
a raster. The image is digitized into a number of lines. Each line comprises a number 
of discrete points. Each of the points corresponds to a pixel on the photoconductor. 
Each point is assigned a binary value relating information pertaining to its color and 
potentially other attributes, such as density. The matrix of points makes up the 
resultant digitally stored image. The digital image is stored in computer readable 
memory as a raster image. Video blocks or scan control circuitry read the raster 
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image data and actuates the laser to selectively expose a given pixel based on the 
presence or absence of coloration, and the degree of coloration for the pixel. 
For a four-color laser printer, at least one laser scanner is included in the printer and 
used to generate a latent electrostatic image on the photoconductor. Generally, one 
latent electrostatic image is generated for each color plane, e.g. cyan, yellow, 
magenta, and black, to be printed. 

[0005] One prior art four-color laser printer is a four-pass that includes a single 

photoconductor and a single laser/mirror scanner system. In operation, each of the 
four color planes which make up an output image is consecutively developed on the 
photoconductor and completely deposited on the intermediate transfer device. A 
characteristic of the four-pass printer is that the size of output image produced 
thereby is limited by the length of the intermediate transfer device, since the entire 
output image is produced in its entirety on the intermediate transfer device before the 
image is transferred to the finished product medium. 

[0006] Another prior art four-color laser printer is an in-line that includes four lasers and 
four in-line photoconductors. Each of the lasers is paired with one of the 
photoconductors. Also, each of the four colors of toner corresponds exclusively to 
one of the laser/photoconductor pairs. During operation of a typical in-line printer, 
each of the four color planes is developed on its own corresponding photoconductor 
and then deposited on the intermediate transfer device or, as in an alternative 
configuration, directly on the finished product medium. Generally, all of the color 
planes of a given image produced by an in-line printer are produced concurrently. 

[0007] Current video blocks are designed for one type of printer. Thus, a video block 
used for a single beam in-line printer cannot be applied to a dual beam video laser 
printer. While a dual beam video block can be used in a single beam application, the 
silicon real estate is wasted. 
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Summary 

[0008] A scanning control circuit includes a direct memory access controller (DMA), 

a video processor, and a video signal generator. A frequency synthesizer connects 
to the video signal generator. Configuration registers bidirectionally connect to the 
DMA, video processor, the video signal generator and the frequency synthesizer. A 
data bus electrically connects to the DMA and the configuration registers. Bus 
control signals electrically connect to the DMA and the configuration registers. 

Brief Description of the Drawings 
[0009] Figure 1 discloses a scanning control circuit or video block of the present 
invention. 

[0010] Figure 2 corresponds to a process flowchart for the DMA shown in Figure 1 . 

[001 1] Figure 3 corresponds to a process flowchart for step 170 shown in Figure 2. 

[0012] Figure 4 illustrates a printer that includes at least one laser driver, a print control 
engine, and a video block according to the present invention. 

[0013] Figure 5 illustrates a printer includes multiple laser drivers, a print control engine, 
and a series of video blocks according to the present invention. 

Detailed Description 
[0014] Figure 1 discloses a scanning control circuit or video block 10 of the present 
invention. A data bus 12 electrically connects a direct memory access controller 
(DMA) 14 and configuration registers 20. The configuration registers 20 are 
bidirectionally connected to the DMA 14, video processor 16, the video signal 
generator 18 and frequency synthesizer 22. The DMA 14 transfers data to the video 
processor 16. The video processor 16 transfers data to the video signal generator 18. 
A frequency synthesizer 22 connects to the video signal generator 18. The video 
signal generator 1 8 generates a Video Out signal and receives a Beam Detect Signal. 
The Video Out signal goes to a laser module (not shown) and is used to turn the laser 
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on and off at very high rates. The Beam Detect signal is received from the laser 
module (not shown) and is used to synchronize the output data. Thus, the Beam 
Detect signal functions as a horizontal synchronization signal. 

[0015] Figure 2 corresponds to a process flowchart for the video controller shown in 
Figure 1 . In step 110, the vertical scanning direction of memory is selected. In step 
120, the horizontal scanning direction of memory is selected. In step 130, if the 
memory scan is top-to-bottom and left-to-right, the DMA Address is initialized to the 
Start Address. In step 140, if the memory scan is top-to-bottom and right-to-left, the 
DMA Address is initialized to the Start Address + data_per_line -1. In step 150, if 
the memory scan is bottom-to-top and left-to-right, the DMA Address is initialized to 
the Start Address -data_per_line*(linecount-l). In step 160, if the memory scan is 
bottom-to-top and right-to-left, the DMA Address is initialized to the Start Address + 
(data_per_line*linecount) -1. In step 170, the line is read. 

[0016] In step 180, the vertical scanning direction of memory is selected. In step 190, the 
horizontal scanning direction of memory is selected. In step 200, if the memory scan 
is top-to-bottom and left-to-right, the DMA Address is incremented to the DMA 
Address + (skips *dataj>er_line). In step 210, if the memory scan is top-to-bottom 
and right-to-left, the DMA Address is incremented to the DMA Address + ((2+skips) 
* data_per_line). In step 220, if the memory scan is bottom-to-top and left-to-right, 
the DMA Address is incremented to the DMA Address - ((2+skips) *data_per_line). 
In step 230, if the memory scan is bottom-to-top and right-to-left, the DMA Address 
is incremented to the DMA Address - (skips*data_per_line). In step 240, it is 
determined if there is a data line to read. If yes, then return to step 160. If no, stop. 

[0017] Figure 3 corresponds to a functional block diagram of step 170 shown in Figure 2. 
In step 410, the repeat counter is set to the number of repeats. In step 412, the data is 
read at the DMA address. In step 414, it is determined in what direction the 
horizontal read will occur. If the read is from left to right, in step 416, the DMA 
address is incremented. If the read if from right to left, in step 418, the DMA address 
is decremented. In step 420, it is determined if there is more data in the line. If yes, 
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the controller returns to step 412. If no, in step 422, it is determined whether the 
repeat counter is greater than 0. If no, step 170 is complete. If yes, in step 424, the 
DMA address is restored to the line start address. In step 426, the repeat counter is 
decremented. Next, the controller returns to step 412. 

[0018] This embodiment describes DMA transfers of a single byte, and a single pixel 
value is contained in the byte. This simplifies the process: walking forward or 
backward through the data is done by simply incrementing or decrementing the 
address by one and performing a read. The real system is more complicated since it 
grabs information in quadword chunks (16 sequential bytes). To go backward, the 
ordering of the bits and bytes needs to be addressed, and is also a function of how 
many bits/pixel are packed into a byte. 

[0019] The starting address may be calculated by firmware and written to the starting 
address register so that a multiplexer and multiply functions needed to implement the 
initial starting address as shown in the flow diagram are not implemented in 
hardware. 

[0020] In the prior art, the dual beam video shared a large window function in a local 
RAM between the two beams. The window assumes the beams are aligned 
temporally, and they are not. A first-in first-out buffer (FIFO) is also added before 
the pulse width modulator of the second beam to delay the aligned video signals to 
match up to the real printer limitations. 

[0021] In the present invention, the two beams are no longer required to be aligned at 
some point in the hardware path. The video block can support either a single or dual 
beam monochrome printer or a dual beam multi-pass color printer. 

[0022] Figure 4 illustrates a monochromatic printer embodiment of the present invention. 
A video controller 34, that includes a video block 10, connects to a control engine 26 
and a laser 24. A fixing unit 30 bidirectionally connects to the control engine 26. 
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The control engine 26 connects to a toner cartridge 28 and a paper transport assembly 
32. 

[0023] While the illustrative embodiment uses one video block and one laser, one of 
ordinary skill in the art would see that performance of the monochromatic printer 
embodiment may be improved by adding additional combinations of video blocks and 
lasers. Alternatively, a quad beam color printer embodiment may be generated by 
adding an additional video block, laser, and toner cartridge for each additional color 
plane desired. 

[0024] Figure 5 illustrates an in-line color printer embodiment of the present invention. 
A video controller 34, that includes a series of video blocks 10A-D, connects to a 
control engine 26 and a set of four lasers 24. A fixing unit 30 bidirectionally 
connects to the control engine 26. The control engine 26 connects to a series of toner 
cartridges 28 A-D and a paper transport assembly 32. 

[0025] While the illustrative embodiment uses a video block per color plane and one 
laser, one of ordinary skill in the art would see that a dual beam in-line color printer 
embodiment may be generated by adding four additional video blocks and replacing 
the single beam lasers with dual beam lasers. This concept may be extended to 
improve performance of the printer. 

[0026] As each of the video blocks operate independently, a common set of test vectors 
can be applied to each block. 
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